Abbreviations
=============

ER

:   endoplasmatic reticulum

VCAM1

:   vascular cell adhesion molecule 1

ES

:   embryonic stem cell

FITC

:   fluorescein isothiocyanate

PE

:   phycoerythrin

CMV

:   cytomegalovirus

ROSA26

:   reverse orientation splice acceptor 26

SA

:   streptavidin

Introduction {#s0001}
============

Although the production of functional antibodies in the cytosol is in many cases not successful due to folding problems,[@cit0001] which makes cytosolic antibody delivery necessary,[@cit0003] the use of endoplasmatic reticulum-retained antibodies (ER intrabodies) has proven to be a reliable approach to achieve functional knockdowns of membrane proteins in cell culture.[@cit0004] ER intrabodies are recombinant antibodies that carry the peptide motif KDEL, which mediates redirection of proteins in the secretion pathway to the ER.[@cit0007] In nature, KDEL is employed to keep ER-resident proteins such as protein disulfide isomerase (PDI) or ER-resident chaperones in place by preventing them from being secreted.[@cit0007] The ER-retention mechanism is highly efficient[@cit0007] and ER intrabodies utilize this mechanism to retain their antigen, typically a membrane protein that passes the ER, by providing it with a KDEL ER retention motif through its binding. This retention eventually leads to disappearance of the protein from its natural post-ER location, typically the cell membrane. To provide this knockdown, ER intrabodies do not need Fc functions, so they typically consist of the smallest unit still providing antigen specificity, the single chain fragment variable (scFv). ScFvs have a size of ∼25--30 kDa, and consist of the immunoglobulin V~H~ and V~L~ domains connected with a flexible peptide linker.

Other than genetic knockouts or RNAi mediated knockdowns, ER intrabodies act at the protein level. Therefore, ER intrabodies could specifically be designed to target a particular splice variant or even detect a protein only if one particular post-translational modification is present. Furthermore, specificity of antibodies can be extensively tested in vitro before using them as ER intrabodies, whereas unspecific effects of RNAi are more difficult to predict in advance. RNAi have been shown to lead to aberrant gene expression and an interferon response that leads to non-specific suppression of translation.[@cit0009] Moreover, knockdowns by RNAi may suffer from a low half-life of RNAi,[@cit0013] whereas ER intrabodies in contrast are more stable in comparison.[@cit0011] Although the ER intrabody technology has been applied successfully in vitro, its effectiveness has so far not been proven in vivo. The reliability of a report claiming the successful use of an intrabody in vivo[@cit0017] has been questioned.[@cit0019]

In this study, we used ER intrabodies to mediate knockdown of VCAM1 in mice ([**Fig. 1**](#f0001){ref-type="fig"}). VCAM1 is an Ig-superfamily type I transmembrane protein expressed mainly on endothelial cells during inflammation. Two of the 7 Ig domains (Ig-domain 1 and 4) bind to integrin[@cit0020] to mediate the adhesion of circulating leukocytes to activated endothelial cells during inflammation. Besides the glycosylated full-length protein, splice variants of VCAM1 with only one integrin binding domain exist, and, apart from cell surface expression, there is also a soluble form of VCAM1.[@cit0021] The treatment of several medical conditions may benefit from studying VCAM1 function, including autoimmune diseases,[@cit0024] asthma, inflammatory bowel disease, multiple sclerosis, arthritis,[@cit0025] transplant rejection,[@cit0025] atherosclerosis,[@cit0026] viral infections[@cit0027] and cancer.[@cit0028] In a mouse model, the knockout of VCAM1 was found to be lethal in early embryonal development.[@cit0029] Therefore, conditional knockouts or knockdown strategies allowing regulation of the knockdown strength are required to study the function of VCAM1. Successful ER intrabody induced knockdown of membrane VCAM1 has already been demonstrated in cell culture.[@cit0005] The aims of this study were to prove the principal feasibility of ER intrabody mediated knockdowns in vivo and to use the method to generate a new mouse model for VCAM1 function. Figure 1.The ER intrabody knockdown principle: recombinant scFv-antibody fragments carrying a signal peptide and the ER retention peptide "KDEL" are expressed in transgenic mice. By binding to their antigen (= knock down target) in the ER, they prevent it from being secreted or transported to the cell surface, thereby inducing the knock down phenotypes.

Results {#s0002}
=======

Whereas the genetic knockout of VCAM1 leads to an early embryonally lethal phenotype,[@cit0029] neither hemizygous nor homozygous mice of the iER-VCAM1 mouse line showed a lethal phenotype (for generation of mouse lines, see **Fig. S1**). iER-VCAM1 mice were inconspicuous and offspring was distributed according to Mendel. To verify the production of the intrabody, spleen cells from transgenic mice were analyzed by immunostain of lysates from spleen cells (**Fig. S2**). ER intrabodies were found in the homozygous mouse, but not in both wildtype and a hemizygous iER-STOP-VCAM1 mouse, also proving that the stop-cassette is not leaky.

As intrabodies were produced, and thus the prerequisite for a phenotypic knockdown was given, cell samples from mice were analyzed for cell surface expression of VCAM1. Apart from induced expression of VCAM1 due to inflammation,[@cit0030] VCAM1 is mainly expressed in bone marrow.[@cit0031] Cells were therefore prepared from bone marrow, stained for cell-surface VCAM1 and analyzed by flow cytometry. Anti-VCAM1 detection antibodies were shown to bind to another epitope than the ER intrabody clone to VCAM1[@cit0005] (**Fig. S4**) to exclude any potential false negative results due to masking of cell surface VCAM1 by intrabodies that were released by cell lysis or by overwhelming the KDEL sorting apparatus.VCAM1 was found to be reduced on the cell surface in bone marrow of ER intrabody-expressing mice compared to control mice as revealed by staining with the anti-VCAM1 antibody clone MAB6434 (**Fig. S3**) and the biotinylated antibody clone 429, where detection via biotin provided a clearer difference due to the absence of background signals ([**Fig. 2A**](#f0002){ref-type="fig"}). The ablation of VCAM1 on the cell surface of ER intrabody-expressing mice was confirmed by the analysis of 6 control mice (either wildtype or iER-STOP-VCAM1 mice) and 9 ER intrabody-expressing mice (either heterozygous or homozygous iER-VCAM1 mice). It is noteworthy that depletion of VCAM1 from the cell surface of bone marrow cells occurred in mice that were homozygous as well as heterozygous for ER intrabody expression. Figure 2.(**A**) Cell surface expression of VCAM1 in bone marrow. Cell surface-VCAM1 is ablated in bone marrow of mice that are homozygous as well as heterozygous for the ER-intrabody gene (detected by anti-VCAM mab429). 6 control mice (either wt or iER-STOP-VCAM1 mice) and 9 intrabody-expressing mice (heterozygous or homozygous iER-VCAM1 mice) were analyzed (one representative experiment is shown). A comparison of wildtype, heterozygous and homozygous iER-intrabody mice was performed in 3 independent experiments with one mouse per genotype each. (**B**) Blood counts. White blood cells (WBC) and lymphocytes (LYM) are significantly increased in ER-intrabody-expressing mice (heterozygous or homozygous) compared to control mice (wildtype or iER-STOP-VCAM1 mice). P-values are 0.0013 for white blood cells and 0.00093 for lymphocytes. Standard deviations are shown as error bars. In total 4 control mice and 8 iER-VCAM1 mice were analyzed. Of the 8 iER-VCAM1 mice that have been analyzed, 6 were heterozygous and 2 were homozygous. Bloodcounts were performed based on impedance technology (VetScan Hematology System, Abaxis).

To further analyze the effect of ER intrabody production on the phenotype, we investigated whether the depletion of VCAM1 observed in bone marrow also results in a physiological effect. VCAM1 on non-lymphoid cells in the bone marrow serves as an anchor that retains immature B cells in the bone marrow.[@cit0032] The analysis of conditional genetic VCAM1 knockout mice revealed an elevated number of immature B cells in the peripheral blood, while immature B cells in the bone marrow were reduced.[@cit0032]

To determine whether ER intrabody-expressing mice exhibit the same phenotype, blood and bone marrow were analyzed for their content of B-cell progenitors. Blood counts were analyzed from 4 control mice (wildtype or iER-STOP-VCAM1) and 8 iER-VCAM1 mice (6 heterozygous and 2 homozygous) to determine whether the expected differences between control mice and ER intrabody-expressing mice could be found. The analysis of the number of white blood cells and lymphocytes per volume was found to be significantly different in control mice and ER intrabody mice, with a p-value of 0.0013 for white blood cells and 0.00093 for lymphocytes ([**Fig. 2B**](#f0002){ref-type="fig"}).

To further characterize the subsets of B cells in the peripheral blood, cells from blood were stained for the surface markers B220, IgM and IgD. For analysis, B220^+^ cells in the lymphocyte gate[@cit0033] were plotted according to their IgM and IgD expression. Analysis of B220^+^ cells revealed a slight increase in IgM^+^ IgD^−^ cells of ER intrabody-expressing cells compared to controls ([**Fig. 3**](#f0003){ref-type="fig"}). In contrast, ER intrabody-expressing cells exhibited a slight decrease in IgM^+^ IgD^+^ cells compared to controls in accordance with the expected shift toward more immature B cells. In 3 independent experiments the clearest difference was always observed when comparing controls with mice that were homozygous for the ER intrabody, hinting at a possible quantitative effect of the intrabody expression level. Figure 3.Analysis of B-cells in the peripheral blood. The fraction of immature B-cells (IgM^+^ IgD^−^) is increased in animals that are heterozygous or homozygous for the ER-intrabody gene. Mature B-cells (IgM^+^ IgD^+^) in turn are decreased in ER-intrabody mice compared to controls. In 3 independent experiments the difference between ER-intrabody mice and controls was observed to be most pronounced in homozygous iER-VCAM1 mice.

To determine whether the additional immature B cells in the blood are missing in the bone marrow, cells were isolated from bone marrow and classified according to their expression of the pan-B cell marker B220 and IgM by flow cytometric analysis. Cells from the lymphocyte gate[@cit0033] were then plotted according to their IgM and B220 expression in order to allow distinction of different B-cell subsets, which are distinguished by letters where A denotes the most immature and F the most mature fraction of B-cells.[@cit0034] There was a clear decrease in the B-cell fraction F in ER intrabody-expressing mice, the largest difference again being noticeable between control mice and mice that were homozygous for the ER intrabody ([**Fig. 4**](#f0004){ref-type="fig"}). The percentage of all B220^+^ cells in the lymphocyte gate was slightly decreased in ER intrabody-expressing mice compared to controls, as would be expected if progenitor cells are prematurely released from the bone marrow. Figure 4.Analysis of B cells in Bone marrow. Bone marrow of iER-VCAM1 mice exhibited a reduction in the population of most mature B cells (fraction F). In 3 independent experiments the difference between ER-intrabody mice and controls was observed to be most pronounced in homozygous iER-VCAM1 mice.

Discussion {#s0003}
==========

In contrast to the VCAM1-knockout mouse models, the iER-VCAM1 mice did not have a lethal phenotype. Although iER-VCAM1 mice exhibited no lethal phenotype, intrabody production was shown and led to a marked and expected phenotype, the suppression of VCAM1 on the cell surface of bone marrow cells from adult mice. This proves the principal feasibility of the ER intrabody knockdown approach in vivo. There are several possible explanations for the non-appearance of the lethal phenotype in iER-VCAM1 mice. Intrabody expression levels in vivo can be expected to be different from the so far described quite efficient in vitro systems[@cit0005] since there is a maximum of 2 copies of the transgene per cell in the transgenic mice, whereas the usual in vitro approaches used transiently transfected cells that may contain much more copies and additionally may benefit from higher expression levels provided by the CMV promoter compared to the endogenous ROSA26-promoter used in vivo. Further, although the endogenous promoter of the ROSA26 locus should be active at the embryonal stage that is critical for the VCAM1-knockout induced lethality,[@cit0029] it remains to be analyzed whether expression levels of the ER intrabody are sufficient for maximum knockdown at this embryonal stage. Even in vitro, the ER intrabody-mediated knockdown was not complete in spite of its high efficiency (94% knockdown in vitro[@cit0005]). Only 1.5 ± 0.7 bonds of VCAM1 to its receptor was found to be sufficient to mediate cell-binding,[@cit0036] so few remaining VCAM1 molecules may have been enough to allow for normal placental development and to circumvent the lethal phenotype.

Low residual expression levels have also helped to prevent the lethal phenotype in a mouse model in which the 4th Ig domain of VCAM1 was deleted. Expression levels of VCAM1 in this mouse model were observed to be around 2--8%, which is similar to the remaining expression observed for the ER intrabody mediated knockdown of VCAM1 in vitro. The lethal phenotype of mice with a deletion of the 4th Ig domain of VCAM1 corresponds to the splice variant of VCAM1, which has even reduced activity compared to full-length VCAM1. Nevertheless, lethality is reduced in these mice compared to the complete knockout of VCAM1, although survival rates are strain dependent, with 6% for C57BL/6 and 129, 24--25% for Balb/c and 29% for 129-Balb/c and 129-BL/6 hybrids.[@cit0026] This mouse model with low VCAM1 expression levels exhibited higher survival rates, which may explain the non-appearance of a lethal phenotype in iER-VCAM1 mice.

Functional consequences of the ER intrabody mediated knockdown are clearly seen in adult animals. The number of white blood cells and lymphocytes was significantly increased in the peripheral blood of iER-VCAM1 mice compared to controls, as expected from what is known about inducible VCAM1 knockout mice.[@cit0032] The observed increase of immature B-cells in the peripheral blood of iER-VCAM1 mice compared to controls had also been found in induced VCAM1 knockout mice, although more pronounced than in iER-VCAM1 mice.[@cit0032] The less pronounced effect observed in the blood of iER-VCAM1 mice compared to induced VCAM1 knockout mice points to an intermediate phenotype induced by the ER intrabody.

The clearest difference in the fraction of immature B cells in the peripheral blood was observed between control mice and homozygous mice. Although the cell surface expression of VCAM1 was similar in both heterozygous and homozygous iER-VCAM1 mice, the slightly more prominent fraction of immature B cells in the blood of homozygous iER-VCAM1 mice hints at 2 different levels of knockdown efficiency at the physiological level. This may be caused by tiny differences in the cell surface expression of VCAM1 between heterozygous and homozygous mice, which are too small to be revealed by cell surface stainings. The analysis of bone marrow for its content of immature B cells pointed to a similar phenomenon. While most mature B cells (fraction F) in the bone marrow were decreased in accordance with their release into the blood, the reduction of cells from fraction F was most prominent in homozygous iER-VCAM1 mice.

Avoiding the lethal phenotype that made analysis of adult VCAM1 knockout mice impossible, the ablation of cell surface VCAM1 by the ER intrabody led to a phenotype on the functional level. This demonstrates the effectiveness of ER intrabody-mediated knockdowns in vivo and its potential for studying otherwise lethal phenotypes. Further, since a stronger phenotype was seen in homozygous mice, which are expected to produce higher intrabody amounts than heterozygous mice, both observations strongly suggest that ER intrabodies allow not only a novel approach for the study of VCAMI by knock downs on the protein level, but also the future possibility to regulate the strength of the knock down - a feature so far not achievable. Initial analysis of ER intrabody expression levels in bone marrow and spleen of a limited set of mice supported the hypothesis of a gene dosis effect (**Fig. S5**), although this needs further confirmation. If aradual knockdown of VCAM1 could indeed be achieved, this may serve as a model for different degrees of immune impairment as VCAM1 is required for the migration of immune cells into inflamed tissues[@cit0030] and for the recirculation of mature B cells into the bone marrow.[@cit0032] Furthermore, a gradual knockdown would be a valuable tool for studying signaling receptors that cause different cellular responses depending on the amount of receptor on the cell surface. An example for this type of cell surface receptors are p75NTR and TrkA, the ratio of which is believed to determine cellular response.[@cit0037] The iER-VCAM1 mice may additionally be used as a model system for VCAM1-impairment to improve the natalizumab-based therapy of multiple sclerosis and Crohn\'s disease, which suffers from severe side effects in the form of an increased risk for lethal brain infections.[@cit0038] The iER-VCAM1 mice may also aid in the study of atherosclerosis, the initiation of which critically depends on the amount of VCAM1.[@cit0040]

As hypomorphic ablation of proteins is often closer to pathologic conditions, ER intrabody-mediated knockdowns may allow generation of new mouse models that are closer to disease states than those based on the knockout of genes. Depletion of VCAM1 has also been achieved by using RNAi.[@cit0008] However, the RNAi-mediated knockdown of VCAM1 suffered from off-target effects of RNAi that appeared in the form of impaired cell growth and the activation of stress pathways, including the upregulation of programmed death ligand 1 and BiP.[@cit0009] In contrast, the overexpression of an ER intrabody did not result in ER-stress as was found previously by analyzing the unfolded protein response.[@cit0006] Gradual knockdowns by ER intrabodies will launch a new generation of functional studies in vivo by allowing the analysis of qualitative consequences from quantitative changes on the protein level. Apart from quantitative differences due to heterozygous or homozygous expression of an ER intrabody, the degree of knockdown may also be tuned by changing affinity and expression levels of antibodies at will by antibody engineering, which today can be achieved with little effort.[@cit0041] Since several large scale antibody generation initiatives ongoing today provide the antibody genes right away,[@cit0041] their straightforward use to generate graded knock downs in mice provide a new level for the study of membrane and plasma protein function in vivo.

Materials and Methods {#s0004}
=====================

Cloning and preparation of the gene targeting construct {#s0004-0001}
-------------------------------------------------------

The vector TVrosa26‑LMP1 was generously provided by Martin Hafner from the HZI Braunschweig. The gene targeting construct TVrosa26-aVCAM-KDEL was obtained by PCR amplification of the VCAM-1 specific single chain variable fragment scFv6C7.1 fused to the C-terminal ER retention sequence KDEL[@cit0005] gene using primers NS30‑for and NS31‑rev and pCMV-aVCAMscFv-KDEL (NS24-20) as a template. The vector TVrosa26-LMP1 and PCR-products were digested with AscI and digested DNA fragments were ligated using T4-DNA-Ligase (Promega). The correct sequence of the plasmid TVrosa26- aVCAM-KDEL was confirmed by sequencing with primers NS29, NS12 and NS33. Endotoxin-free DNA preparations were isolated using the Endofree Plasmid preparation kit from Qiagen. DNA concentrations were quantified by absorption measurements (NanoDrop, Peqlab) and gel electrophoresis. The plasmid was linearized by digesting 200 μg of the endotoxin-free DNA preparation with the restriction enzyme KpnI in React4-buffer (Invitrogen). DNA from this reaction was purified by phenol/chloroform extraction, precipitated by isopropanol and dissolved in phosphate buffered saline (PBS). Integrity, yield and purity of linearized DNA were assessed by gel electrophoresis and measurement of absorption[(**Table 1**)](#t0001){ref-type="table"}.

Transfection, selection and isolation of ES-cells {#s0004-0002}
-------------------------------------------------

Feeder-free cultivation of HM-1 ES-cells was performed according to protocols of Joyner[@cit0042] and Magin et al.[@cit0043] ES cells were passaged at least once after thawing and before electroporation. Subconfluent cells were harvested by trypsinization and ∼1 × 10^7^ ES-cells were mixed with 20--30 μg of the linearized gene targeting construct in PBS and incubated on ice before electroporation. Electroporation was performed at 200 V and 500 μF using a Gene Pulser II (BioRad). Cells were kept on ice for 10 min after the pulse, transferred to medium and distributed to 4 10 cm cell culture dishes. Medium was changed daily and, starting from the second day after electroporation, a selection pressure of 200 μg/ml G418 was applied. Surviving ES cell colonies were isolated after 8--10 d of selection by trypsinization, transferred to a 96-well cell culture plate and screened for the transgene.

ES-cell screening by PCR {#s0004-0003}
------------------------

Positive ES-cell clones were identified by PCR analysis using primers P48-OH and P49-OH, which should result in a PCR product of ∼1.3 kb in size if homologous recombination of the transgene with the genome has occurred.

ES-cell screening by Southern Blot {#s0004-0004}
----------------------------------

In order to confirm the presence of the transgene on DNA level, positive clones were analyzed by Southern Blot. Genomic DNA of clones 7, 14 and 67 was digested after expansion with the restriction enzyme EcoRI in EcoRI-buffer (Fermentas) and transferred by Southern Blot to a Hybond-N Nylon membrane (Amersham, GE Healthcare) after separation of the fragments by gel electrophoresis. DNA fragments were immobilized by UV-crosslinking (UV-Stratalinker 2400, Stratagene) onto the membrane. The 5′ probe (∼600 bp PacI/EcoRI-fragment) was radioactively labeled using the Random Primed Labeling Kit (Roche) and hybridized with the Southern Blot membrane. After washing and exposition on Imager Screens, the radioactive signals were recorded using Phospho Imager (Cyclone Storage Phosphor System, Packard). For all PCR-positive clones, a signal was detected at the size of 7.15 kb that is expected if homologous recombination was successful (15 kb expected for wildtype). As wildtype and mutant signals from clone 67 were of different intensity, this appeared to be a mixed clone. Mouse generation was continued with clone 7.

Generation of chimeras by blastocyst injection {#s0004-0005}
----------------------------------------------

ES-cells of the positive clone 7 in M2 medium were injected in 3.5 day old blastocysts and morulae (C57BL/6 background), which had been obtained after superovulation by hormones followed by rinsing the uterus with M2 medium. On average, 12 ES cells per embryo were injected. For incubation at 37°C, 5% CO~2~ and saturated humidity, embryos were transferred to M16 medium. After a phase of recovery, surviving embryos were transferred in M2-medium into the uteri of pseudopregnant CD1-foster mothers. In total, 81 of the injected embryos were transferred into 6 foster mothers. Of the 17 pups from 5 litters, of which 12 remained, 5 chimeric animals were identified. Four of the 5 chimeric animals could be bred and included a 25% chimeric female and 3 × 100% chimeric males. The degree of chimerism was estimated according to the color of the fur, black originating from the recipient blastocyst and brownish or whitish fur originating from the ES-cells.

Establishing the mouse line iER-STOP-VCAM1 {#s0004-0006}
------------------------------------------

To test whether the transgene had been transmitted to the germline, the 4 chimeric animals were mated with C57BL/6 mice. Germline transmission after mating chimeras with C57BL/6 is indicated by a brownish color of the fur of the offspring. One of the chimeric males did not lead to offspring, but germline transmission was found in one of the remaining 2 chimeric males. The identity of the animal was confirmed by PCR analysis and Southern Blot. Genotyping via PCR was performed using the primers P50-OH, P51-OH and P38-OH, which results in a PCR product of 600 bp in length for the wildtype allele and a fragment of 250 bp in length for the recombinant allele. Southern Blot analysis with the 5′-probe (∼600 bp PacI/EcoRI fragment) confirmed germline transmission by a signal at the correct size of 7.15 kb for homologous recombination (wildtype 15 kb). The mouse line iER-STOP‑VCAM1 was established from this founder animal by continuous backcrossing to C57BL/6. All mice used in the experiments described here were in backcrossing generation N5 or N6.

Cre-deletion of the STOP-cassette for generation of the iER-VCAM1 mouse line {#s0004-0007}
----------------------------------------------------------------------------

Deletion of the STOP-cassette was achieved by mating with females of the K14-Cre mouse line, which expresses Cre in its oocytes. In this way the STOP-cassette can be eliminated ubiquitously, although the allele for Cre does not necessarily have to be inherited. Offspring was genotyped by PCR for the Cre-allele, for the ROSA26 wildtype and mutant allele and for the presence or absence of the STOP-cassette. Genotyping for the Cre allele was performed using primers P287 and P288, which results in a PCR product sized 238 bp. The wildtype and mutant allele of the ROSA26 locus was identified using primers P50-OH, P51-OH and P38‑OH. The presence or absence of the STOP-cassette was distinguished using primers P400 and P51-OH, which result in a PCR-product of ∼1.7 kb in size if Cre-deletion was successful. Mice with successfully deleted STOP-cassette but without the allele for Cre (the female 8452 and the male 8455) were chosen to establish the iER-VCAM1 mouse line, which constitutively expresses the ER intrabody. The mouse line was established by continuous backcrossing with C57BL/6. Homozygous animals for experiments were obtained by intercrossings.

Preparation of cells from organs {#s0004-0008}
--------------------------------

Mice were handled according to the guidelines by FELASA. For analyses of cells from different tissues, mice were sacrificed and organs were prepared. Blood was taken from the heart and transferred to potassium-EDTA containing tubes (1.3 mL, Sarstedt). For bloodcounts 75 μL of blood were taken retrobulbar from living animals and transferred to tubes containing 5 μL of 0.1 M sodium-EDTA. Tissues were meshed with a syringe plug and meshed organs were filtered through a 70 μm pore size cell strainer (Falcon) with PBS. Cells were singled out by pipetting up and down, the cell suspension was filled up to 10 mL with PBS and cells were sedimented for 5 min at 500 × g. Sedimented cells were then resuspended in 20 mL erythrocyte lysis buffer (10× stock solution: 0.1 M KHCO~3~, 1.5 M NH~4~Cl and 1 mM EDTA), incubated for 5 min on ice and sedimented again for 5 min at 500 × g. Cells were then washed by resuspending pellets in 10 mL PBS and sedimented for 5 min at 500 × g. Pellets were then resuspended in PBS containing 1 μg/100 μL streptavidin (SA, SERVA) and incubated for at least 30 min on ice during counting of cells in order to deplete free biotin. Cells were counted using a counting chamber (Neubauer) and 1 × 10^6^ cells per sample were transferred to flow cytometry tubes (Sarstedt). For blood samples, aliquots corresponding to 80--100 μL whole blood were used per sample. Erythrocyte lysis of blood was either performed before distribution of aliquots to flow cytometry tubes or was performed by adding 3.5 mL of erythrocyte lysis buffer per flow cytometry tube.

Flow cytometric analysis {#s0004-0009}
------------------------

Cells were kept on ice and centrifuged at 4°C during the whole staining procedure until measurement. Cells were washed with 3.5 mL FC-buffer (5 mM EDTA, 0.5% BSA in PBS) to remove SA from the solution. After sedimentation for 5 min at 500 × g cells were incubated with the first antibody (biotinylated anti-VCAM1 clone 429 from BD PharMingen, anti-VCAM MAB6434 from RnD Systems, anti-CD19-PE clone 1D3 from eBioscience, Isotype Rat IgG UNLB from Beckman Coulter, biotinylated Rat IgG2A Isotype control from BD PharMingen) for 1 h in a total volume of 100 μL. Cells were then washed twice with FC-buffer and subsequently incubated for 30 min in a total volume of 100 μL with either a secondary antibody (goat anti-Rat-APC from Dianova), SA‑FITC (Anaspec) or, if the first antibody was fluorescently labeled, then with FC-buffer only. Cells were washed with FC-buffer and resuspended in 500 μL FC-buffer before measurement.

Competition test anti-VCAM1 detection antibodies {#s0004-0010}
------------------------------------------------

HEK293T cells were maintained in DMEM (PAA) with 8% FCS (PAA) and 1% Penicillin/Streptomycin (PAA) and transfected with the VCAM1 expression plasmid pcDNA-VCAM1-739 (NS20-1). For transfection, 10 μg of DNA were mixed with 25 μL of a 1 mg/mL polyethylenimine solution (25 kDa linear polyethyleneimine from Polysciences, Warrington, PA, USA) in a total of 1 mL of serum-free DMEM medium (PAA) and incubated for 30 min at room temperature. The transfection mix was then added to the cells in a 10 cm cell culture dish. After 24 h, cells were detached with Trypsin/EDTA (PAA), counted and 4 × 10^5^ cells were used per sample. Cells were washed with 3.5 mL FC-buffer (5 mM EDTA, 0.5% BSA in PBS). Sedimentation took place at 500 × g for 5 min at 4°C. Cells were then stained with a dilution series of 6C7.1 in the first staining step. Cells from samples that were destined for determining the amount of bound 6C7.1 cells were washed twice with 3.5 mL FC-buffer, and the mouse anti-Myc antibody clone Myc1-9E10 was added in a total volume of 100 μl for the second staining step. Cells from samples destined for testing whether binding of anti-VCAM1-biotin clone 429 is blocked by 6C7.1 were not washed, but 10 μl of a 1:10 dilution of the anti-VCAM1-biotin clone 429 (BD PharMingen) were directly added to the mixture of cells and 6C7.1 solution for the second staining step. Incubation took place for 1 h on ice for the second staining step. All samples were then washed twice with 3.5 mL FC-buffer and detection of 6C7.1 was then performed using an anti-Mouse APC conjugated antibody (Allophycocyanin-conjugated AffiniPure F(ab')~2~ Fragment goat anti-Mouse IgG, Fc Fragment specific from Jackson ImmunoResearch), while detection of anti-VCAM1-biotin clone 429 was performed using SA-FITC (Anaspec). After incubation for 30 min on ice for the third staining step cells were washed twice with 3.5 mL FC-buffer again and resuspended in 500 μL FC-buffer for measurement.

Immunoblot {#s0004-0011}
----------

Cell pellets were resuspended in PBS and SDS was subsequently added to a final concentration of 5% (v/v) in order to lyse cells. The lysate was boiled at 95°C for 5 min and 1:1 diluted in 5x Laemmli buffer (50% v/v glycerol, 10% w/v SDS, 25% v/v β-mercaptoethanol, 20% v/v Tris-HCl pH 6.8, 0.05% w/v bromphenol blue). Lysate with Laemmli buffer was boiled again for 5 min at 95°C and samples were then analyzed using a 12% SDS-polyacrylamide gel and blotted to a methanol‑rinsed PVDF membrane (Carl Roth, Karlsruhe). The membrane was then incubated in 2--5% skimmed milk in PBS for 1 h or overnight for blocking protein‑free areas on the membrane. Incubation with the first antibody (9E10 and anti-Tubulin) took place for 1 h at RT and antibodies were diluted in 2% skimmed milk in PBS. ER intrabodies were detected via their myc-tag by the mouse anti-Myc antibody clone Myc1-9E10 and tubulin was detected as a loading control by the mouse anti-tubulin antibody T 6074 from Sigma. Blots were washed 3x for 5 min each with PBS 0.05% Tween 20 before incubation with the secondary antibody (anti-Mouse HRP conjugated, A0168 from Sigma). The membrane was then washed twice shortly with PBS and developed using a 1:1 mixture of a luminal enhancer solution and stable peroxide solution (SuperSignal West Pico, Pierce). The development of the signals was captured using the ChemiDoc imaging system (BioRad). Table 1.Primers.ama168xName of oligonucleotideSequenceNS29-for5′-GAGGTCTGATGACACGGCCAC-3′NS30‑for5′‑ATATATGGCGCGCCCGTGGCCACCATGGGATG-3′NS31‑rev5′-ATATATGGCGCGCCTCCCCAGCATGCCTGCTA-3′NS33-rev5′-GCCTGCCCAGAAGACTCC-3′P48-OH5′-GGCTCCTCAGAGAGCCTCGGCTAG-3′P49-OH5′-ACCGCGAAGAGTTTGTCCTCAACC-3′P2875′-ACCAGGTTCGTTCACTCATGG-3′P2885′-AGGCTAAGTGCCTTCTCTACAC-3′P400(5′‑CAGTAGTCCAGGGTTTCCTTGATG-3′)P38-OH(5′‑CATCAAGGAAACCCTGGACTACTG-3′)P50-OH(5′‑AAAGTCGCTCTGAGTTGTTAT-3′)P51-OH(5′‑GGAGCGGGAGAAATGGATATG-3′)
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